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minutes, which corresponds with the rates of cooling. It is
important to prove that each expansion occurs at a definite tem-
perature, and it would be a great satisfaction to know the exact
degree of heat. The cast-iron test-bar, as shown by the 18 bars
that were broken, was at quite a red heat at the 3d Expansion.
It may be found that a change in chemical composition may
hasten or retard the formation of the curves, irrespective of tem7
perature. For example, in the curves of iron and steel, Fig. 28,
the bars had just a reddish tinge in the sunlight, while the expan-
sion was taking place, and were a dull red, if shaded; and this
curve must correspond with the 3d Expansion in cast iron, which
takes place at a bright-red heat.

When does Carbon Combine when Heated towards Fusion ?
The cast-iron test-bar from which Curve No. II was taken
was heated as much as it was thought it would stand without
breaking, and was placed at a bright-red heat on the pins of. the
machine. The result- was a curve, iia, Fig. 25. As this bar
was cooled in the open air the change was very rapid, and the
proportions of the diagram are different from the original. The
diagram begins just before the 3d Expansion. This shows that
the crystalline structure which produced the 3d Expansion had
been changed, during the latter part of the heating, to the struc-
ture which preceded the 3d Expansion. At that time most of
the carbon was combined, and the iron was extremely hard.
This experiment shows that in melting graphitic cast iron the
graphite changes to combined carbon when the temperature of
the 3d Expansion is reached, instead of at the temperature of
fusion. Unlike white cast iron, the iron is in an expanded state
from the 3d Expansion to the point of fusion; i.e., the-atoms are
not as close together. In white iron, with the carbon combined
in the cold casting, there is no change in the crystalline struc-
ture during the heating, and the iron does not reach the
expansion which causes it to fuse until just before fusion. Gray
cast iron reaches its greatest expansion much sooner than white
iron, with the result that it melts from the outside.of the casting,